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ABS TRACT

Some endotoxins produce a biphasic effect on spontaneous transmitter
secretion, with an early facilitation of release, but a monotonic depression
of evoked release triggered by nerve stimulation, while lipopolysacchairide
produces only a monotonic depression of beth spontaneous and evoked trans-
mitter secretion under physiological conditions. However, glycolipid
produces a bipitasic effect on both spontaneous and evoked release. This
suggcsts that the variety of effects seon in less pure preparations of
glycolipids are modulations of the biphasic pattern of action resulting.
frori di fferences in extraction procedures, presence of polysacchairide, or

contamination of the specific endotoxin preparation employei. Based on
these experiments we have proposed exporimental ly based mechanisms for
the action of bacterial1 glycolipid: (1) an early, transient ionophoric
action for calciumi, w-hich facilitates sc retion and (2) a late increasi ug
isolation of the inenbrai,& from extracellular space._
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Previous work has described significant neurotoxic action of endotoxins
(ETX) derived from E. Coli and Salmonella. These effects are, generally, to
block the release of transmitter from presynaptic terminals, thus incapacitating
peripheral neural transmission. Our earliest hypothesis for the cause of
this blockade was that ETX fi-st increases calcium permeability across the
presynaptic terminal membrane, by possibly serving as a calcium ionophore,
then decreases calcium permeability resulting in abolition of evoked
transmitter release and a drastic reduction abolition of spontaneous
transmitter release.

Later work (J. Neuroscience Research, 4:105, 1979) suggested that
the abolition of transmitter release might be effected by a more general
mechanism. Endotoxin may isolate the presynaptic terminal from the
extracellular environment and, as a consequence, prevent calcium influx
when required for transmitter release. A reasonable hypothesis would then
be that ETX blocks transmitter release by virtue of the extreme lipo-
philic character of the lipid A moiety but may cause an early transient
rise in transmitter release by an, as yet, unknown fraction of the
crude macromolecule. If this hypothesis is correct, we could perhaps
explain the vasodilatory effects of ETX in systemic shock siiply by
invoking the same mechanism for smooth muscle: vasomotor tone would
be lost as the muscle membrane becomes isolated from calcium in the extra-
cellular fluid.

We demonstrated subsequently that the bipl.usic pattern of ETX action
on spontaneous transmitter secretion could also be o:servcd in the pres;ence
of heat-killed Salmonella (Experientia, 35:801, 1979) and that ,:membrane
isolation, as demonstrat.d by blockade of the cation jonaphore X537 probe,
also occured with tie. Testiug of a variety of ETX prep:r;itions,
including additional materials derived from TCA ext~action (Poivin mothtud)
and material produced via pbeiiol extraction de-.on5trated clear di[fercunce5;
in ETX potency as a function of extraction procedure and purity. V
were thus able to suggest that the variety of experi'ental finuli.,n; of
other investigators are at least partially explained by contamInF tion
and impurity of the normally used 17TX preparationa. In fact, we have
stated that comparison of cxperiments using non-standardized pr(:.ra1 io,.
of ETX is impossible and many data produced by investigators using ;ucl,
preparations at ETX will be impossible to reproduce. In keepir., 'n,7ith
the diversity of preparations used a standard nomenciature sli muld I(
defin.d. The nomenclature in the discussion below will be as fouI e.'.s:

1. Endotoxin (ETX) Generic for gram negativ, bacterial cell ,A1
products regardless of source, extractiLi
procedure, or pUmity

2. Crude ITX (CETD) Indicates generally used endoto:" regard I,.!,
if extraction procedure, contaai , ed by
protein, and of unpre.ictab] c ef i.,'t on

the neural membrune

3 . C'I!-JYphr)vnal or Crude ETX ii)dli cOti c!. C:Vtrae tI ion r roce eliii
Uus'FX/T(: usig tricolcnr cet ic acid ( N1Xi ' pm ortb;

or phenol (cI'stphal procdu r )
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4. Lipopolysaccaride Tested as KNA-Frec, pure ETX in some references,
(LPS) without regard to bacterial source, may be

either Salmonella or E. Coi derived in prcs-nt
work

5. LPS/S or LPS/E LPS from Salmonella, or LI'S from E. Coli

6. Glycolipid (LPA) Derived from S. Mintiesota, Re-595, no polysac-
caride present, used as analogue for Lipid A
in present work

MORE RECENT RESULTS INCLUDES THE FOLLOWING:

A. Toxicity of S.LTyP~inurium, heat-killed. We concluded that biphasic
activity and membrane isolation components of ETX were present. The time
courses of these effects are extremely long and indicate a prolonged sequence
of events in the bacterial membrane and neural membrane interaction. if
these effects are, in fact, due to LPA interaction with the membrane than
components of the Salmonella membrane at this state of purificationl slow
the LPA action but cannot prevent it.

B. Toxicity of ET/TCA. After dem~onstrating the biphiasic pattern of
some ETX/TCA prepara tons, of- heat-killed Salmonella, and the moniotoiic
pattern of LI'S/S we returnied to 1Ei'X/TCA and attempted to replicate the
biphaisic pattern observed previously. As shown in Figure I a sample. of
ETX/TCA was ineffective in altering, serretion rate while ETX/P produced
only a monotonic depression of sec retionl rate. For Comparison, Figure 1
shows alSO tile pattern of deprc!-si on p~roJda-cd by LI'S/S . This comparis;on
ais indicatIve o' them unpredictnbility of ETX/TCA in this systemi and the
relqt ivoly cle.an: effect of ETX/P, compnirable to LI'S, albeit with no*
biphas ic pattern. 1-e1 soughlt -o-.,e biole'i cal ac-tivity in the debris left
fro::.- the EXT/P c:-traction but founrd no0 significant effects. At this
point we! were faced wi ti~ the paradox of a facilitation 511 secretion
OCCe rr ine, . Ltli heat-killed Sn imonel l1a and with somo ET.X'TCA , but not
in responoc4 to samples of EXT/i', T'/.or LPS/E. The results of these
exparii,10ntS set1the futility of basin,, any expl analtion- of the biological
effects of ETX en experjimenits using T :TA

C. Toxicity of glycolipid from Re-595, S . !MTinnerrtta. These resul ts
are prel im:ina-ry biAt the jimp]ice tiuins of th Lw datai col lee ted thus far are
c cea r. Thle mo-t. importnlt obse 1cva ti mm mici is thit bc' thi spont'aneeue and
evoked secret ion of transittcr rlceunclca rgo signiificant foetl i ion
Ipri or to de-pression. Figure 2 shiessaeae r eSUl'S fr-om 9 CXpC .:Cn'tS
:in %,.h irh NErP wais obser-Aved using 10 jig LPA/ml.: a bipha sic pat tern is clear,
but variability is hlish. The vairiabili ty dt-io ricply rmtc
range o f Iat enrieos of p eakl t rans:, P it LC (XEP 1) re Ca tSe( ra teCs. Figurel- 3

hoHivldivi dua-l oxspe r!iciif over a rang e of' 10 lp to I mg LPA/iaT bathi.
Two effect-! are-c apparent: (l ) trati.:-ii lor rel eas e is eitiher increasecd
0dprsc Iaol s yv' as a fun:l -ioi i f d;C! e 1co:."t to a co(licen LraLi Oil of 1 flog/nil

()at ii glicr dos .e:; (10 an0 I I I)t here i s a secoind cem~ponelf nt pparenlt
wh'ich is miik1ed b albrupt dieae(fas't'r decline ) inl thle slo)pe of -EiPP
rate depression k iii a fina ta izta . Wit do r;isI", concentain
thIe late phase( ~iis,,p p r s
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Figure 4 shows the effects of LPA on evoked transmitter release
(measured by the amplitude of intracellularly recorded endplate potentials)
over a concentration range of 10 pg to 1 ng LPA/ml bath. Again two
components of action are immediately apparent:(1) a slow component
of either facilitation or slight depression of evoked transmitter releas.
and (2) a component of depression with more negative (faster decline)
slope. At the highest concentration (10 jg/ml) ndplate potentials are
elevated, indicating an ionophoric effect of LPA, at 80 min of exposure
there is an abrupt decline in amplitude which continues to complete blockade
within a few minutes. With lower concentrations the first component is
converted to a depression of faster then slower decline while the second
component is converted to shillower slope and the appearance of a final
baseline. These data suggest that the initial, calcium ionophoric component
of LPA action serves to keep transmitter secretion elevated; at some
point in time subsequent to the beginning of exposure of LPA the second
component predominates and the membrane becomes more or less isolated from
external calcium. The Kinetics of experiments at 1 and 10 pg/ml suggest
that there can be a suddent transition from one component to the second
with in a few minutes. In some experiments the transition may be so swift
that first component is either absent or it cannot be resolved at sensitive
junctions.

Figure 5 describes a single experiment in which LPA and calcium are
shown to be simple antagonists. The junction shown was depressed immediately
by 1 vg/ml LPA, depression was not reversed by return to LPA-free control
bath but was immediately reversed to control with the addition of 0.5 mI

calcium. With reintroducti-an of 1 pig/l.'A/ml bath in the presence of elcve ted
calcium (now 2.5 m,.M) transmitter release is facilitated above control.
Subsequently, when LPA concentration is raised to 10 pg/ml bath, depression
occurs iriemdiately, stabilizes, and can then be reversed by a large elevation
in bath calcium (to 16.6 inM in this experiment). This and similar e::pcri-
ments suggest a clear antagonism bctw.cn calcium and LPA during; the early
component of LPA action. The measurem;',ent of quantal content (right-hand
coordinate) using the method of failures is an indicat ion that the
reduction in EPP amplitude is presynaptic in origin. There are however,
suggestions in this (cg., at 15 to 25 min) and in othcr experimiients that
LPA may have a significant postsynaptic action.

Assuming that preljiinary work showing a biphasic actiom of LPA
on both spontaneous and on evoked secretion of tran, ;aittcer is co, firi.ed
in additional experiments, we suggest that a working hypothesiFr of L'X
action on the neural membrane can be propased: The intcractio:i of ETX
and the membrane consists of at least two stages or coarponents. The first
component (Component 1) involves an in: rcase in calcium peri::ceh jljty acrus:;
the membrane. This component is tran.ient, subject to cons ide able
variability in potency as a function of level of purification, purlficntl on
procedure (eg., TCA vs. phentol), and cont~aiination. The second coiponcrt
(Component I) it involves the inevitable and possibly irrever,ihi, isol. ation
of the memabrane from extracell]ular space.

Compone..nt I is expressed in our system as (1) an increase in the
rate of spontan1eous trann::it tcr release which apparently derives from- an
increase in resting calcium plerme;iwlity and (2) as an incrcnse. i11 the
total "actiWtIed" calciuim permoahility induced by membrane depolarivation
which results; in a facilitation of evoked tranr;,i iter relea.e . In other
sy t em,,. C:.one.nIt s :hoald be e::prc,;sed as increased le.v(l:s of spon tancOus

2 .7
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or evoked hormone release, increased tone in smooth muscle and increased
contractility in both smooth and cardiac muscle as a function of their
respective complete and partial dependence on extracellular calcium, and
increased autonomic drive due to facilitation of ganglionic and end organ
neurotransmission.

Component II is expressed in our system as a decreased rate of
spontaneous transmitter release, as a depression or blockade of evoked
transmitter release, by the inability of potent cation ionophores to
provoke increased transmitter release or restore it after total blockade,
the inability of increased extracellular calcium to increase or restore
transmitter release. Component II should be expressed in other systems
as decreased hormone secretion to previously adequate physiological stimuli,
decreased tone in spontaneously active smooth muscle, decreased contrac-
tility in smooth and cardiac muscle, (again as a function extracellular
calcium requirements) a depression of autonomic reflexes, and generally
as a debilitation of all peripheral calcium dependent processes.

A schematic portrayal of the dual component mode of ETX action is
shown in Figure 6. It should be emphasized that the specification of
two components in the action of ETX may well be a convenient fiction but
it serves as a good working hypothesis. it is conceivable that the
two comiponents are expressions of a continuous process of rearrangement
of the neural mcemibrane during a prolonged interaction with ETX, the
eventual endpoint of which is membrane isolation. Some of the data
we have developed suggests that LPA may attach at or near the membrane
site of the normally present: "slow calcium channel" ordinarily activated
by mem, brane depolarization. The act of LPA attachment could first distort
the channel, traisi ently increasing calcium permeability, while at thc
sa:me time a process of membrane isolation, transformation, subsLitution,
or isolation is initiated which eventually reduces calcium permeability
to nil.
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Figure I
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Figure 6
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